NASN

National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center
Houston, Texas 77058

AL DHETA REPORT

{NASA-CR-151393) EFFECT OF SILTS 20D

, ® JiX 7 S B CN THE -

LOW SUPEZRSCNIC AERODYNAMIC CHRRACTERISTICS N78=71269

(;3? ACO.O‘!s—SCALE SHOTTLE COEBITER MODEL

44-C) TFSTED IN THE NASA/LaRC 4-FOO0T UPy
i & A sl A ; PWT T

(LEG 1) {LA110) (Chrysler Corp.) 153 p coc3s”

00/16 55531

Data MaQN scevent services

SPACE DIVISION &
v v CHRYSLER

CORPORATION



December 1977

DMS-DR-2396
NASA CR-151,393

EFFECT OF SILTS POD ON THE LOW SUPERSONIC
AERODYNAMIC CHARACTERISTICS OF A 0.015-SCALE
SHUTTLE ORBITER MODEL (L4-~0) TESTED IN THE
NASA/LaRC 4-FOOT UPWT (LEG 1)

(1A110)

Prepared under NASA Contract Number NAS9-13247

by

Data Management Services
Chrysler Corporation Michoud Defense-Space Division
New Orleans, la. 70189

for
Engineering Analysis Division
Johnson Space Center

National Aeronautics and Space Administration
Houston, Texas



WIND TUNNEL TEST SPECIFICS:

Test Number: LaRC UPWT 1212 (Leg 1)
NASA Series Number: LA110

Model Number: 44-0

Test Dates: August 8 through 10, 1977
Occupancy Hours: 30

FACILITY COORDINATOR:

Bernard Spencer, Jr.
Langley Research Center
Mail Stop 365

Langley Station
Hampton, Va. 23665

Phone: (804) 827-3911

PROJECT ENGINEERS:

George M. Ware B. Spencer, Jr.

Langley Research Center Langley Research Center
Mail Stop 365 Mail Stop 365

Hampton, Va. 23665 Hampton, Va. 23665
Phone: (804) 827-3911 Phone: (804) 827-3911

DATA MANAGEMENT SERVICES:

Prepared by: Liaison--J. W. Ball
Operations--G. G. McDonald

Approved: .é?(/fiéz,“..__. Concurrencef‘il/ lﬁfi:;;LKQ;;L/‘,_—sx,:,
J/ L. Glynad, JManager N. D. Kemp, Manager <
ata Ope ons Data Management Services

Chrysler Corporation Michoud Defense-Space Division assumes no responsi-
bility for the data presented other than display characteristics.

ii




EFFECT OF SILTS POD ON THE LOW SUPERSONIC AERODYNAMIC
CHARACTERISTICS OF A 0.015-SCALE SHUTTLE ORBITER
MODEL (hh-O)ITESTEDAIN THE NASA/LaRC
L-Foor UPWT (LEG 1)

(1.A110)

ABSTRACT

A study has been made to determine the effect on the sero-
dynamic characteristics of the Shuttle Orbiter resulting from the
addition of the Shuttle Infrared Leeside Temperature Setnsing (SILTS)
pod to the tip of the vertical tail, The pod is a recent addition
to the Shuttle and will contain a camera system to take infrared
photographs of the upper surface of the Shuttle during re-entry.
Thése photographs will be used to determine leeside heating. There
was concern that the pod might have an effect on the aerodynamics of
the Shuttle, particularly the lateral-directional characteristics and
rudder effectiveness. Wind tunnel tests were therefore made with an
0.015-Scale Orbiter Model with and without SILTS pod over a Mach
number range from 0.6 to 4.63 in the langley 8-Foot Transonic Pressure
Tunnel and the Unitary Plan Wind Tunnels,

The low supersonic results are presented herein, and the transonic
and high supersonic results in References 1 and 2.

The model was tested in the low supersonic leg of the Langley UPWT
at Mach numbers of 1,5, 2.0, and 2.5 over an angle of attack range from
-4° to 20° at O° and 39 of sideslip. Tests were also made over an

angle of sideslip from -6° to 6° at 10° angle of attack.
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NOMENCLATURE

General
* SYMBOL MNEMONIC DEFINITION
a speed of sound; m/sec, ft/‘sec
Cp Cp pressure coefficient; (Pl - pw)/a
M MACH Mech number; V/a
pressure; N/m, psf
q Q(NsM) dynamic pressure; 1/2pV°, N/m°, psf
Q(PsF) :
RN/L RN/L unit Reynolds number; per m, per ft
v velocity; m/sec, ft/sec '
o ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
1] PSI ‘angle of yaw, degrees
¢ - PHI angle of roll, degrees
P mess density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ap . base srea; m2, £t
b EREF wing spen or reference span;.m, £t
c.g. center of gravity
g LREF reference length or wing mesn
c aerodynamic chord; m, ft
8 SREF wing area or reference sares; m2, £t°
MRP moment referen-ce point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on .Z axis
SUBSCRIPTS |
b base
1 local
] static conditions
t total conditions
© free stresm




SYMBOL MNEMONIC

NOMENCLATURE (Continued)

Body-~-Axis System

DEFINITION

Cx

CN
CA
CY

CAB

CAF

CIM

CBL

CL
CD
CDB

CDF

CY

CIM

CLN
CSL

1/D

L/DF

normal-torce coefficient; EEEEEE§£9£E§
q

axial-force coefficient; éfiil_ggzﬁg
q

side-force coefficient; §1§S.é¥§3§3
el

base-force coefficient; 9953.%2535
a
-Ap(py - Pw)/as

forebody axisl force coefficient, Cp - CAb

pitchin;:-moment coefficient; pitching moment

aS/RrEF

yawing-moment coefficient; 1332255%92923
q

rolling-moment coefficient; rolligs moment
43

Stability-Axis System

1ift coufficient; ligi
q

drag coefficient; 93%5
q

3 base drag

base-drag coefficien 5
q

forebody drag coefficient; Cp - CDb

side force

side-force coefficient; =
q

pltching-moment coefficient; pitching moment
Y pp

yawing-moment coefficient; XEEEE&F%QEEEE
Qo

rolling-moment coefficient; rollizg moment
Go

lift-to-drag ratio; CL/CD

1ift to forebody drag ratio; CL/CDf



SYMBOL MNEMONIC

NOMENCLATURE (Cont4inued)
Additions to Nomenclature

" DEFINITION

8 ATLRON
8o ELEVON
Cy CA
8sp SPDBRK
5y RUDDER
5BF BDFLAP
SeL ELVN-L
Sep EIVN-R
AS(’:
Ly
AB DBETA
GRIT
cYS DCY/DB
C, (BODY) DCYNDB
B

Cz (BODY) DCBLDB
B

Cy, DCY/DR
r

aileron, total aileron deflection angle, degrees,
(left aileron-right aileron)/2

elevon, surface deflection angle, positive de-
flection trailing edge down, (left aileron +
right aileron)/2

axial-force coefficient unadjusted for base or

. sting cavity pressures

speed brake deflection angle, degrees
rudder deflection angle, degrees
bodyflap deflection angle, degrees

left elevon surface deflection angle, positive
deflection trailing edge down, degrees

right elevon surface deflection angle, positive
deflection trailing edge down, degrees

sting cavity area, m2, ft2
body length, m, ft.

incremental angle of sideslip, difference
between two or more test runs, degrees

parameter to denote testing with grit GRIT = 1
(grit on), GRIT = O (grit off)

side-force coefficient derivative with respect
to beta, per degree

yawing~-moment coefficient derivative with respect
to beta, per degree

rolling~moment coefficient derivative with respect
to beta, per degree

side-force coefficient derivative with respect
to rudder deflection, per degree




MNEMONIC

DCYNDR

DCBLDR

DELRUD

CPB1, 2

CpPC1, 2

NOMENCLATURE (Concluded)

DEFINITION

yawing-moment coefficient derivative with
respect to rudder deflection, per degree

rolling-moment coefficient derivative with
respect to rudder deflection, per degree

differential rudder deflection, degrees

base pressure coefficients

sting cavity pressure coefficients



CONFIGURATIONS INVESTIGATED

The test model was a 0.015-scale model of the Space Shuttle Orbiter
(figures 2 and 3). The model was constructed at the Langley Research
Center using the nose section forward of full-scale fuselage station
672.8, the vertical tail, and OMS pods from an existing Rockwell model
49-0. The remainder of the model, the wings, elevons, body and SILTS pod
were constructed from Rockwell-furnished line details. A sketch and '
photograph of SILTS pod are presented in figures 2b and 3b, respectively.
The model configuration is summarized as follows:

Orbiter-140A/B/C = B26 C9 E43 F8 Ml6 N28 RS S V8 W

. Component Definition

B26 Fuselage per Rockwell Lines VL70-000140A and
VL70-000140B (Model SS-A00147)

o] Canopy per Rockwell Lines VL70-000140A and
VL70-000143B (Model drawing S$S-A00147)

E43 : Slotted version (6-inch) of E2¢ elevons per
Rockwell VL70-000145 (Model drawing SS-A00147)

Fg Body flap per Rockwell Lines VL70-000145
(Model drawing SS-A00147)

M16 OMS/RCS pods per Rockwell Lines VL70-0084010
(Model drawing SS-A00147)

Nog OMS engine nozzle per Rockwell Lines VL70-000145
(Model drawing SS-A00147 ;

Rs Rudder per Rockwell Lines VL70-000146 (Model :
drawing SS-A00148)

S SILTS pod per Rockwell Lines VL70-900-015
(Basic control drawing)

Vg Vertical tail per Rockwell Lines VL70-000146A
(Model drawing SS-A00148)

W Wing per Rockwell V70-30-906-01 (Basic control
drawing)

A complete description of model dimensional data is given in table III,




TEST CONDITIONS

The tunnel conditions existing during the test aré summarized in
table I anﬂ the configurations tested are shown in table II. The model
was sting supported, and the aerodynamic forces and moments were
measured by an internally mounted six-component strain gage balance.

In an attempt to insure turbulent flow over the model, strips of carbo-
rundum grit were apﬁlied to the wing, vertical tail, and nose as shown
in figure 2. Model angle of attack was varied from about -4° to 20°
for angles of sideslip of 0° and 30. Sideslip angles were varied from
-6° to 6° at an angle of attack of 10°. Angles of attack and sideslip

have been corrected for the effects of sting deflection under load.



TEST FACILITY DESCRIPTION

The NASA 1aRC 4-Foot Unitary Plan Wind Tunnel (UPWT) is a closed-
circuit, continuous flow, variable density facility. The test section
is 4 feet by 4 feet by T feet long.

Two tunnel legs are available for supersonic testing in the Mach
number ranges l.47 to 2.86 (Leg No. 1) and 2.29 to 4,63 (Leg No. 2).
Leg No. 1 was used for this test, An asymmetric, sliding block nozzle
position and total pressure setting provide the test Mach numbers at a
specified Reynolds number. Reynolds numoer can be varied from 0.76 to
7.78 million per foot. Available stagnation pressure variation is 4.0
to 142 psia. Dynamic pressure variation is 95 to 1260 psf with normal
operating stagnation temperature about 150° F in Mach modes 2 or 3 and
about 175O F in Mach mode 4. The tunnel is equipped with a dry air
supply, an evacuating system, and a cooling system. The facility power
is approximately 83,000 horsepower.

Model mounting provisions consist of various sting arrangements,
including axial (longitudinal), lateral (independent pitch and yaw), and
roll movement with side wall support. A Schlieren system and oil flow
visualization equipment are available. Data are recorded at the tunnel
and reduced off-line at the Langley Computer Center. The tunnel is used
for force and moment, pressure, and dynamic stability tests., Hot and
cold Jjet effects and heat transfer have been studied in the UPWT.

10




DATA REDUCTION

LaRC UT-27-100 six-component strain gage balance was used to mea-
sure model forces and moments. All final data were presented along a
set of body and stability axes (figure 1) through the nominal center of
gravity located at F.S. 1076.7 and FRL 375.0. Drag data presented re-
present gross drag in that no corrections to free-stream conditions in
the base regions have been made. Model data were converted to standard

NASA coefficients using the following constants:

Reference Area rof = 0.605 £t
Reference Length [ref = T.122 in,
Reference Span rof = 14,05 in.
Total base area excluding

sting cavity A, = 0.0615 ft.2
Sting cavity area A = 0.03409 f£t.2

ScC

1



REFERENCES

Chrysler Corporation Michoud Defense-Space Division, Data Management
Services, DMS-DR-2395. "Effect of SILTS Pod on the Transonic Aero-
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(44-0) in the LaRC UPWT. (LAl14)."
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TABLE I

TEST ¢  yewr 1212 (1A 110)

IDATE ¢ 9/23/7T

TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE T
MACH NUMBER STAGNATION TEMPEBATURE
(per foot) (pounds/sq. foot)| (degrees Fahrenheit)
1.5 2.0 x 3.06 476 150
2.0 2.0 x 10° BTl 150
2.5 2.0 x lO6 L3 150
BALANCE UTILIZED: LaRC UT -27-100
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
. NF 600 1b, £3,0 1b,
s _300 1b. +1.5 1b,
AF 100 lb. +0.5 1b.
PM 800 _in-1b. +4,0 in-1b.
RM 400 in-lb. +2.0 in-1b,
YM 600 in-1b. +3.0 in-lb,_

COMMENTS:

13
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TADLE III. . - .

MODEL DIMENSIONAL DATA

MODEL COMPONENT :__BODY B26

GENERAL DESCRIPTION : Configuration 140A/B Orbiter Fuselage

NOTE; Bog is identical to By except underside of fuselage has been

refaired to accept W

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147, RELEASE 12

DRAWING NUMBER : ~_VL70-0001438, -000200, 000205, -006089,
~000145, -0001G0A, 000TLOB

DIMENSIONS FULL SCALE  MODEL SCALE
% Length (OML: Fwd Sta. Xo=235)-In.__ 1293.3 19.400
* Length(IML: Fwd Sta. Xo=238)-1In. 1290.3 19.355
* Mox Width (@ X = 1528.3) - In. 264.0 3.960
Mox Depth (@ X = 1464) - In. 250.0 3.750

Fineness Ratio

Area - th

Max. Cross-Sectionol 340.88 0.077

Planform

Wetted

Base

16




TABLE IIT—-Continucd
MODEL DIMENSIONAL DATA

MODEL COMPONENT :__ CANOPY - Cq

GENERAL DESCRIPTION : Configuration 3A, Canopy used with Fuselage

B26.
MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147 , RELEASE 12
DRAWING NUMBER ! : VL70-000143A/8
DIMENSIONS FULL SCALE MODEL SCALE
Length (X = 434,643 to 587) 143,357 2.150
Max Width (@ X, = 513.127) 152,412 2.286
Max Depth (@ X, = 485.0) 25,000 0.375

Fineness Ratio

Area

Max. Cross~Sectional

Planform

Wetted

Bdse

17



TABLE III--Continued
( MODEL DIMENSIONAL DATA

MODEL COMPONENT :  SLOTTED ELEVON (6-inch GAP) - Eyg

GENERAL DESCRIPTION Configuration 140A/B Orbiter elevon.

NOTE: Eng is a slotted version of E,,. Data are for one side,

MODEL SCALE: 0.015 MODEL DRAWING: SS-A0QI4T

DRAWING NUMBER _VL70-000-000145

DIMENSIONS FULL SCALE  MODEL SCALE
Ares - Ft2 210.0 0.0473.
Span (equivalent) = In. 349.2 5.238
Inb’d equivalent chord = 1M 118.004 1.770
Quttyd squipolent chord/ tota! 22 S

Ratio movable surface chard/
total surfaze chord

At Inb'd equiv. chord 0.2096 0.2096

At Qutb'd equiv. chord 0.4004 0.4004

Sweep Back Angles, degrees

Leoding Edge | 0,00 0.00

Trailing Edge -19.056 -10,056

Hingeline 0.00 0.00
Areo Moment {Normal to hinge line) 1587.25 0.00536
Mean Aerodynamic Chord (c), in. 90.7 1.3605

18




TABLE III-Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_BODY FLAP -Fg

GENERAL DESCRIPTION : Configuration 140A/B Orbiter Body Flap.

Hingeline located at Xy = i528.3, Z, = 284 .3

MODEL SCALE: 0.015 MODEL DRAWING: $5-A00147, RELEASE 12

DRAWING NUMBER : _____ VL-000140A, VL70-000145

DIMENSIONS : | FULL SCALE  MODEL SCALE
Length (Xp = 1520 To X, = 1613) _93.000 1.395
Max Width (In.) 262.00 3.930
Max Depth (X, = 1520) - In, 23,000 0.345

Fineness Ratio

2
Area =~ Ft

Max. Cross—Sectional

Planform 150.525 0.0339
Wetted
Base Ly .84]22 0.00941 °

19



TABLE III—Continu_ed
MODEL DIMENSIONAL DATA

MODEL COMPONENT :___OMS Pod (Mye)

GENERAL DESCRIPTION : Configuration 140D Orbiter OMS Pod

MODEL SCALE: 0.015 MODEL DRAWING NO;  SS-A00147

VL70-000140D
DRAWING NUMBER : VL70-0084010 |
\
DIMENSIONS © FULL SCALE  MODEL SCALE
Length (OMS Fwd Sta Xg=1310.5)-In, _ 258.5 3.878 |
Mox Width @ X, = 1511) - In, 136.8 2.052
Max Depth (@ Xo = 1511) = In. 74,7 1,121
Fineness Ratio 2,48l 2.1484
Area - Ft.2 '
Max. Cross—Sectional 58,860 0.0132 '
Planform
Wetted
Base r

20




TABLE III - MODEL DIMENSIONAL DATA-Continued

MODEL COMPONEMNT: OMS NOZZLES ~ Nj8
" GENERAL DESCRIPTION: __ Configuration 140A/B Orbiter OMS Nozzles
— - ‘ S3-000147
MODEL SCALE: 0.015 . MODEL DRAWING: RELEASE 5 (Contour)
DRAWING NUMBER: VL70-000145, (location)
DIMENS IONS: , FULL SCALE  MODEL SCALE
MACH NUMBER '
Length=- In, *
Gimbal Point to Exit_Plane
Throat to Exit Plane
Diameter - In.
Exit
Throat
Inlet
Area - ft2
Exit
- Throat .
Gimbal Point (Station) - In.
Left Nozzle ' i
Xo 1518.0 22.770
. Yg . . ~-88.0 -1.320
y 590.2 7.380
Right Nozzle
X 1518.0 22.770
Y 88,0 +1.320
z £92.0 7.380
Null Pasition -~ Deg.
Left Nozzle o
Piteh . 15 49 15949"
Yaw - 120177 129177
Right Nozzle _
Pitch , 15949 15949
Yaw 12017°¢ 120177

21
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TABLE I{{~Continued
MODEL DIMENSIONAL DATA

 MODEL COMPONENT ._RUDDER - Rg

GENERAL DESCRIPTION

2A, 3, 3A, and 140A/B Configurations

MODEL SCALE: 0.015 MODEL DRAWING:

SS-A00148

DRAWING NUMBER

VL70-000146A, VL70-000095, V170-000139

FULL SCALE

* Areq Ft2 100.15 0.0225
Span (equivalent) = In. 201.0 3.015
Inb'd equivalent chord ~ In. 91.585 1.3738
Outb'd equivalent chord = In. 50.833 0.7625
Ratio movable surface chord/

total surface chord
At Inb'd equiv. chord 0.400 0.400
At Outb'd equiv. chord 0.400 0.400
Sweep Back Angles, degrees
Leading Edge 34.83 34.83
Trailing Edge 26.25 26.25
Hingeline 34.83 34.83
Areo Moment (Normal to hinge line) 610,92 0.002
Mean Aerodynamic Chord, - In, 73.2 1.098

22




TABLE IITI-Continued
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_SILTS PQD -5

GENERAL DESCRIPTION:

MODEL SCALE: 0,015

DRAWING NUMBER : __BCD V70-900-015

DIMENSIONS : " FULLSCALE  MODEL SCALE
Max. Width-Tn. 21,333 0.320
" Max. Depth-In, 20.200 0.303
Length (Overall)-In. 133,600 2,004

“ineness Ratio

Max. Cross—Sectional

Planform

Wetted

Base

23




- TABLE III (Continued)

MODEL DIMENSIONAL DATA - Continued

MODEL COMPONENT :__ VERTICAL - Vg

GENERAL DESCRIPTION Configuration 140A/8 Orbiter Vertical Tatl

MODEL SCALE: 0,015 DRAWING NUMBER: SS-AOOJ&8LA;
. RELEASE 6
DRAWING NUMBER __VL70-000146A
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA

Area (Theo) - Ft?
Planform

Span (Theo) - In.
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep-Back Angles, Degrees.

Leading Edge

*Trailing Edge

0.25 Element Line

Chords:
Root (Theo) WP
Tip (Theo) WP
MAC
Fus. Sta. of .25 MAC
W.P, of .25 MAC
B.L..of .25 MAC '

Airfoil Section
Leading Wedge Angle - Deg,

Trailing Wedge Angle - Deg.

Leading Edge Radius

Void Arca

Blanketed Area

24

413,253 0.093
315.720 4,736
I.675 T1.675
0.507 0.507
0.404 0.40G
45,000 45,000
26,2 26.2
L1,130 “L1,130
268,500 4 028
108.470 1.627
199.808 2.997
1463 .50 21.953
635,522 9.533
- 0.00 0.00
10.00 10.00
14,920 14,920
2.00 0.030
13.17 0.030
0.00 0.00
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MODEL COMPONENT:
GENERAL DESCRIPTION:

-

TABLE III (Concluded)

WING-W

Configuration 4

NOTE: Identical to Wy except airfoil thickness.

I
Dihedral angle is along trailing edge of wing.,

MODEL SCALE: 0.015

MODEL DRAWING: _S$-ACO|48

DRAWING NUMBER:

VT70-30-906~01 (BCD)

DIMENSIONS: FULL-SCALE
TOTAL DATA
Area (Theo) Ft2
Planform 2690.00
Wetted
Span (equivalent) (Theo) In. 936.68
Aspect Ratio 2,265 _
Rate of Taper 1.177

Taper Ratio 0.200

Dihedral Angle, degrees 3.500
Incidence Angle, degrees 0,500
Aerodynamic Twist, degrees +3,000
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees »
Leading Edge - ___hs.000
Trailing Edge -10.056
0.25 Element Line 35.209

Chords:
" Root (Wing Sta. 0.0) (Theo) B.P.0.0. ggg o4
Tip, (equivalent) (Theo) B.P. 13785
HAC _h74.81

Fus. Sta. of .25 MAC 1136.83
W.P. of .25 MAC 290.58
B.L. of .25 MAC 182.13
Airfoil Section -
Root
Tip
EXPOSED DATA
2
Area Ft 1751.50
Span, (equivalent) (Theo) In. BP103 720.68
Aspect Ratio 2,059
Taper Ratio _ 0.245
Chords
Root BP108 _ 5672.09
;;? 1.00 % 137.85
. _392,83
Fus., Sta. of .25 MAC _L‘_Br‘i)‘g_—
W.P. of .25 MAC 294,70
B.L. of .25 MAC 251,77

25

MODEL SCALE



swa3sAS SIXY

*T aandtd

A}iApib jo
19}Ud2 3y} woly padDjdsip UBAG BADY SAXD
Ayij1qo4s pup puim jo suibiio ‘4j1io)d oy

smolip Aq pajpatpul
24D $3|6up puo ‘s4ud1514450 juBwoOwW
$JU3121}430D 32104 JO SUOI{DUIP BAL}ISO

$saj0N

26




X

89°9€6

ITVOS T1NJ SNOISNINIQ

S9YDISNS TopCW g auam8ry

UCTABINITIUC) A33TQI0 ASS °*®

€°92ST = °x

£°E62T

cL°STY

L*9L0oT 84

qy
~
——

27



Dimensions are in inches,

b. SILTS Pod
Figure 2, Model Sketches
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FILLET

0.1 inch strip of no. 50 grit at 0,063
inch . measured pezpmd;cular to L,E.

MAIN WING AND VERTICAL TAIL

0.1 inch strip of no. 50 grit at 0,28
inch measured perpendicular to L.E.

NOSE

0.1 inch strip of no, 50 grit at 1.2
inch measured streamwise

c. Position of Transition Grit Used in Investigation
Figure 2. Concluded
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Orbiter Configuration, Front, 3/4 View

a.

Model Photographs

Figure 3.
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TABULATED SOURCE DATA

Tabulations of plotted data are available
from DMS upon request.
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